ABSTRACT
INTRODUCTION

28
Horizontal curves are one of the most important elements in roadway geometry design. The methods include several convenient user interfaces for engineers to operate, they still require 50 trajectory data. In this study, the raw GPS trajectory data is acquired at the frequency of 5Hz at 136 around a 60mph driving speed. Because the data is collected through a mobile platform, many 137 factors will impact the accuracy of the raw GPS trajectory data, e.g. the dilution of precision (DOP), 138 temporary satellite loss, limited dwell time, etc. Therefore, the raw GPS trajectory data needs to be GPS trajectory data is the input of the proposed algorithm in this study.
147
Roadway Segmentation
148
The objective of roadway segmentation is to automatically partition the GPS trajectory data 149 that represents the roadway into delineated segments. Each segment shares the same radius 150 measurement. The iterative process is proposed to ensure that an optimized number of GPS 151 points are grouped for each segment, while the circular fitting process is introduced to improve the 152 robustness of the measurement to the disturbances in GPS points. In previous studies, automatic Taubin   154 1991). However, it is not feasible to directly apply these methods for horizontal curve radius 155 measurement without identifying the delineation of the roadway. These circular fitting methods
156
only take a fixed number of points for circular fitting. Hence, no matter how robust the circular the initial circular fitting results. Fig. 4 shows the pseudo code for the iterative circular fitting 160 and an example of how the iterative fitting converges to an optimal group of GPS points for each 161 segment. Instead of selecting a fixed number of neighboring points for fitting, incremental number 162 of neighboring points are attempted until arriving at the least fitting error. The number resulting in 163 the least fitting error will be associated with this group of GPS points (i.e. L n ). The fitting error is 164 measured by the fitness of the actual GPS points compared to the approximated circle. As shown 165 in Fig. 4 , the error curve is monitored and recorded separately until the global minimal value is 166 arrived at among all the attempted iterations. Once the number of neighboring points is selected 167 for the current group of GPS points (i.e. L n ), the next circular fitting will be started by skipping 168 the current group of points. Hence, optimized numbers of GPS points are selected for each group 169 of GPS points (i.e. segment) through iterations.
170
In this paper, the classic circular fitting method proposed by Kasa (1976) is selected for its or not the delineated segment is curved or tangent will be determined in the subsequent steps.
178
Curve Identification
179
The objective of curve identification is to automatically identify the horizontal curve and the 180 corresponding curve types using the delineated segments derived from the previous step and based 181 on the spatial distribution and adjacency of these segments. 
where:
190
∆ n -The center angle of the n th segment in radian;
R n -The radius computed by the iterative circular fitting for the n th segment;
S n -The arc length for the n th segments;
m -The number of GPS points (i.e., interval) included in the n th segments;
v i -The instantaneous vehicle speed acquired by GPS at the i th point;
f -The GPS acquisition frequency.
191
• For tangent segments, the error from the circular fitting will not be reduced by increasing the By updating the curvature measurement at each point at spiral curves in this step, the horizontal 241 curve identification and measurement processes are complete.
242
EXPERIMENTAL TEST
243
The radii. The corresponding GPS data was collected on these three roads. Fig. 9 shows the map of the ranging between 218ft. to 801ft.).
294
The satellite imagery for the selected testing datasets was used to digitize the ground truth 295 using ERDAS and measure the accurate curve radius using AutoCAD. The proposed method was 296 then applied to the three testing datasets. All of the 25 simple curves were correctly detected and 297 the corresponding radius was automatically measured by the proposed method. R -The curve radius, ft.
314
The complete I-285 in Atlanta, Georgia, covering 63 miles, was collected for this case study. 
331
CONCLUSIONS AND RECOMMENDATIONS
332
In this paper, an automatic horizontal curve identification and measurement method using GPS 
347
The following are the recommendation for future research:
348
• Future study is recommended to further reduce the Type 1 and 2 errors in curve detection and to
349
further improve the spiral curve classification performance by improving the delineation of the 350 back and forward spirals.
351
• Future study is recommended to adapt the proposed method to other road types whose curves 352 might not be constructed under highway geometry design standard, e.g. log route, fire path, etc.
353
• Future on-site data collection of the side friction measurement is recommended to further validate The error between the edge of the fitted circle and the corresponding (x i , y i ) is δ i in Eq. 4:
The objective is to derive a, b and c so that Q (a, b, c) is minimized. As Q (a, b, c) is none 368 negative, it has a minimal value only when Eq. 6 holds:
By solving Eq. 7:
372 where (Eq. 8)
Therefore, the center (A, B) and the radii R of the fitted circle can be computed by Eq. 9. follows the same steps without losing any generality.
381
Where:
382
K P -The Unit curvature entering the spiral, K P = 0;
K Q -The Unit curvature exiting the spiral, K Q = curvature of the center curve;
B -The scaling factor of the curvature.
384
The spiral can be represented using Fresnel integral (Meek and Walton 1992) in Eq. 10:
386
where πB is the scaling factor and C(t) follows Eq. 11:
388
The center of the center curve can be computed based on the circular arc function, and can also be 389 computed based on the spiral in Eq. 12. 
